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The infrastructure of the wall of the terminal gastric mucosa vessels (of 
Corpus and pars pylorica) of 15 adult rats was investigated. It was established 
that the number of fenestrated vessels as well as the degree of fenestration in 
direction to the glandular cells enhanced along with vascidar caliber 
increasing. While the thickness of the endothelial cells and the amount of their 
organelles reduced there was an elevation of the count and length of luminal 
evaginations. The basal membrane became thinner and the pericytes reduced in 
number. These alterations could be better established in the subepithelial 
vessels (mainly in the venous capillaries and postcapillary venules) which was 
more outlined in the pyloric region. The gastric mucosal veins were presented 
by venules without myocytes but with pericytes. Some arteries could be observed 
in the submucosa only. The fenestration was interpreted in the sense of possible 
participation in the ionic transport. 
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INTRODUCTION 
The structure of the microvascular 
system in the stomach mucosa has attracted 
a considerable interest in recent years (5, 
10). It is linked not only with problems 
concerning physiology, but also with the 
fact of the participation of terminal vessels 
in the pathogenesis of ulcer formation (7, 
12). Our earlier investigations showed that 
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there exists a general principle in the 
angioarchitectonics of the terminal vessels, 
specific to the stomach (1 , 2). Briefly they 
show that all terminal vessels penetrate the 
mucosa only to the level of the glandular 
base, of which capillaries are formed; the 
venous-limb vessels are formed under the 
epithelium and it has to be noted that 
collecting venules do not receive tributaries 
of the capillary network. There findings 
were later confirmed by others ( 4, 5, 7, 9, 
10). Although stomach vessel architecture 
is thoroughly investigated and there is some 
basic ultrastructural description of them (3 
- 5, 8, 9, 11), no complete investigation of 
the ultrastructure of the vascular wall of 
the terminal mucosal vessels is presented. 
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The aim of this study is to investigate 
the ultrastructure of various terminal 
vessels of the mucosa at two structurally 
different regions of the stomach - body and 
pyloric region. 
M A T E R I A L AND METHODS 
Wistar male rats fed on a standard diet 
were used. The animals were fasted for 24 
hours, but were allowed free access to 
water. They were anaesthetized by 
intraperitoneal injection of thiopental. The 
stomach was fixed by intraperitoneal 
injection of 5 % glutaraldehyde for 10 mm, 
after which small pieces were transferred 
for 2 hours at 4 °C in the same fixative. 
Postfixation was performed by 2 % 
osmium tetraoxide for 2 hours. After 
dehydratation in graded ethanols samples 
were then flat-embedded in Durcupan 
(ACM, Fluka) resin. After initial 
observation of semithin sections the 
muscular coat was gently peeled off 
leaving only the mucosa. Ultrathin sections 
were cut by L K B ultramicrotome, stained 
with uranyl acetate and lead citrate and 
examined by J E M 7A electron microscope. 
RESULTS 
Our previous data on the 
nicrovascularization of the stomach 
nucosa concerning the character, density 
nd caliber of terminal vessels lead us to 
le differentiation of three distinct zones, 
эпе of the glandular fundus, zone of the 
landular body (middle zone), and zone of 
istric pits (subepithelial zone). The zone 
? the fundus of glandulae gastricae 
•opriae compared to the middle zone is 
laracterized by the prevailance of 
Fig, 1. Segment of a fenestrated capillary of 
the stomach mucosa 
a - capillary profile of "dark" and "light" EC. 
Invaginations of the luminal membrane are 
closed by fenestrae (two arrows). Magn. x 
17000 
h - deep invagination closed by a fenestra 
(arrow). Magn. x 20000 
connective tissue components between the 
glands, with rare microvascular network 
comprised basically of arterial capillaries 
(according to the terminology used by 
О d a et al., 19H5) with a mean diameter 
of 4-5 (im. They are separated from the 
glandular cells by a relatively large 
pericapillary space (of 300 nm to 1-2 |im 
in size) where the cellular and fibrous 
components of lamina propria are 
embedded, as well as occasional smooth 
muscle cells. The thickness of the 
endothelial cell (EC) of these capillaries at 
their extranuclear region is ranging 
between 200 and 300 nm. These vessels are 
mainly nonfenestrated, but occasional 
fenestrae are sometimes present, which are 
directed towards the glandular cells. 
Invaginations of the luminal surface of 
these vessels are very characteristic and 
quite often their base is closed by an unit 
membrane (the so-called "canalicular 
pores"), while others form large thin-walled 
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cavities with occasional fenestrae (Fig. 1). 
These vessels have a well-developed 
pericytic coat, which can be complete in 
some nonfenestrated capillaries. 
Terminal vessels at the middle zone of 
glandulae gastricae propriae . are 
represented by true capillaries with 
diameter between 5 and 7 |im, which 
increases towards the glandular necks. 
They are encircled intimately by glandular 
cells and the pericapillary space is highly 
narrowed (90-300 nm). Capillary profiles 
are constructed by one or two E C , the 
thickness of which at the extranuclear zone 
ranges between 40 and 300 nm. At places 
with a thickness below 60 nm, we observe 
single fenestrae closed by a membrane 
(Fig. 2a). In E C of capillaries of greater 
diameter, a high level of wall attenuation is 
observed, especially at regions directed 
towards parietal cells where fenestration is 
present. "Dark" E C with a denser cellular 
matrix is the prevailing type, although 
single "pale" E C are also encountered. 
Plasmalemmal vesicles are the most 
frequent cellular organelles. They are more 
common in nonfenestrated capillaries, 
especially in the nuclear region, while in 
the peripheral zone they are situated in 
several layers. The wall of fenestrated 
capillaries is very thin. Plasmalemmal 
vesicles are rare and often single. Some of 
the latter open at both sides of the 
endothelial surface - luminal and 
abluminal. Luminal evaginations, 400-600 
nm long are sometimes detected. At the 
sites of the interendothelial junctions they 
are often present and are situated as 
terminal projections of either of the 
neighbouring cells. Basal projections are 
very rare. The interendothelial contacts are 
relatively simply constructed and the shape 
Fig. 2a. Segment of a highly fenestrated 
capillary of the middle zone, of stomach body 
mucosa. Fenestrated plate in a segment with 
highly narrowed pericapillary space 
G - parietal cell, P - pericyte. Magn. x 20000 
Fig. 2h. Highly fenestrated capillary in the 
subepithelial zone of the pyloric region. 
Collagen microfibrils in the pericapillary 
space. Magn. x 20000 
of the intercellular cleft is S-shaped or 
oblique. Its luminal site is equipped with 
tight junctions. The basement membrane is 
present in all vessels and its lamina densa 
is 20-40 nm thick with the same subcellular 
space which is sometimes missing or larger 
beneath the fenestrae. Pericytes or their 
projections are enclosed among the etched 
basement membrane. However, they do not 
form an entire periendothelial coat. As the 
caliber of capillaries increases, its degree 
of fenestration increases, too, while the 
presence of pericytes decreases sharply. 
They can also be absent. At regions with 
larger pericapillary spaces we detect 
various 20-40 nm tick collagen 
microfibrils. Their presence enhances along 
with the enlargement of the area of the 
pericapillary space. Pericapillary cells are 
also present. Fenestrations occur in the 
most attenuated regions of the pericapillary 
space, which lies towards the glandular and 
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enteroendocrine cells and nerves. Some 
nerve varicosities are very close to the 
epithelium - 60 to 200 nm apart. 
Subepithelial vessels at the zone of the 
gastric pits have a lumen diameter between 
10 and 15 (дт and are mostly venous 
capillaries and postcapillary venules. 
However, they are rarely strictly 
subepithelial. The width of the 
pericapillary space ranges from 400 to 
1400 nm and is also filled with collagen 
fibrils, pericapillary cells and their 
projections. The E C demonstrate some 
polarity in that their thickness decreases 
and fenestrae appear at their epithelial pole. 
The basement membrane is not so well-
organized and the pericytic coat is greatly 
reduced. The terminal vessels at the zone of 
the gastric pits of the pyloric region have a 
different caliber. Large-diameter vessels 
are prevailing. They are exceeding the 
dimensions of the corresponding vessels in 
the body of the stomach. The vessels of 
greater caliber possess a very thin 
endothelial wall which is highly fenestrated 
(Fig. 2b). Fenestration is more prominent 
at the site of the epithelium. In some 
smaller vessels many luminal projections 
divided by fenestrated areas are 
established. 
Pyloric vessels are structurally similar 
to those in the base of the stomach glands. 
Collecting venules are found at the level of 
he glandular pits and reaching the 
;ubmucosa they have a lumen of 30-50 ц т 
n diameter. Their wall is constructed of a 
datively thin and "dark" endothelium, 
owever. fenestrations are lacking. When 
ie venular caliber enlarges a well-
eveloped "pericolic" layer is present. The 
slls of this layer at the level of the 
landular bases display signs of smooth 
i 
muscle cells (SMC). A well-developed 
SMC layer can be seen in submucosal 
vessels only. The endothelial surface of 
these venules is not smooth and different 
luminal and basal evaginations are 
detected. Typical arterioles with a complete 
internal elastic lamina, one or two SMC 
layers are observed only in the submucosa. 
They possess thicker and lighter E C . 
DISCUSSION 
Our findings are in confirmation of the 
results of G a n n o n et al. (5) for the 
presence of fenestrated vessels around the 
glands and under the epithelium, and those 
of О d a et al. (9) for the character and 
level of fenestration at the different zones 
of the mucosa of the stomach body. Our 
observations also show that the 
ultrastructure of the wall of terminal 
vessels depends on their topography in the 
different zones of the mucosal layer as well 
as on the different parts of the stomach, i . 
e. body or pyloric region. With the increase 
of capillary diameter towards the tip of the 
glands, the number of fenestrated vessels 
and the level of fenestration enhances, 
while the basement membrane becomes 
thinner and pericytes disappear. These 
changes are most prominent in the 
subepithelial vessels at the pyloric region 
and display an increased capacity for 
transport of solutes. The deep 
invaginations of the endothelium ending 
with fenestrae as well as the increased 
number of the luminal evaginations 
between the fenestrations in some vessels 
are an additional means for slowing down 
vascular flow and facilitating 
transendothelial transport. The hypothesis 
of G a n n о n et al. (5) that fenestrated 
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vessels around gastric glands are connected 
with the transport of HCO3" from parietal 
cells to the epithelium seems 
morphologically acceptable. It can explain 
the increased number of fenestrated vessels 
in regions of high parietal cell density as 
well as the peculiar nature of 
microvascular ultrastructure, which directs 
the passage of the entire blood flow from 
the glands to the subepithelial vessel. The 
high degree of fenestration of subepithelial 
vascular EC which is most prominent in 
the pyloric region, too, where parietal cells 
are absent is probably related not only with 
secretory activity, but also with resorption. 
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Ultrastruktur der Wand terminaler BlutgefaBe der 
Magenschleinhaut 
N. Stoinow, K. Dikranian 
Lehrstuhl ftir Anatomic, Histologic und Embryologie, Medizinische UniversiMt 
Varna 
Zusammenfassung: Untersucht wird die Ultrastruktur der Wand terminaler 
MagengefaBe (Corpus and pars pylorica) von 15 erwachsenen Ratten. Es wird 
festgestellt, dali die Anzahl fenestrierter GefaBe, sowie auch der Grad der 
Fenestrierung, mit der Kaliberzunahme in Richtung zu den Driiseneingangen 
zunimmt. Wahrend die Dicke der Endothelzellen und die Menge ihrer Organellen 
abnimmt, wird eine Erhohung der Anzahl und Verlangerung luminaler 
Protrusionen beobachtet. Die Basalmembran wird dunner und die Pericyten 
weniger. Diese Veranderungen lassen sich besser in den subepithelial GefaBen 
(meistens in den vendsen Kapillaren und postkapillaren Venulen) feststellen; 
starker im Pylorbereich. Die Magenschleimhautvenen smd muskelfrei. Arterien 
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sind nur in der Submukosa zu sehen. Die Fenestrierung wird im Sinne moglicher 
Teilnahme an dem Ionentransport besprochen. 
Ultrastructure de la paroi des microvaisseaux dans la muqueuse 
gastrique 
N. Stoinov, K. Dikranian 
Chaire dfanatomic, histologic et d'embryologie, Universite de medecine a Varna 
Resume: On a etudie Infrastructure de la paroi des microvaisseaux dans les deux 
parties de l'estomach: le corps et la region pylorique de 15 rats adultes males. A 
partir des fonds des glandes vers les abonchements le calibre des vaisseaux 
capillaires de la muqueuse augmente aussi bien que la quantite des vaisseaux 
fenestres et le degre de leur fenestration. Tandis que l'epaisseur et la quantite des 
organites des cellules endotheliales diminuent, le nombre et la longeur des 
projections vers la lumiere augmentent. L a membrane basale devient plus since et 
la quantite des pericytes diminue progressivement. Ces changements sont plus 
exprimes dans les microvaisseaux sous-epitheliaux presentes par des capillaires 
veineux et veinules post-capillaires, et d'une fa?on soulignee chez les 
microvaisseaux sous-epitheliaux dans la region pylorique de l'estomac. Les 
vaisseaux veineux de la muqueuse sont presentes par des veinules sans myocytes 
(avec pericytes) tandis que les vaisseaux arteriaux typiques sont observes 
seulement dans la sous-muqueuse. On a discute la participation des capillaires 
fenestres dans la secretion de l'acide chlorhydrique. 
